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TRIM
R. E. McFarland, NASA

General purpose regression analysis routine, applicable to aircraft trimming
Processes.

FORTRAN, Computer Portable, ANSI Standard

(1) "BQUIET, A Six-Degrees-of-Freedom Trim Process Fully Integrated
The BASIC System”, NASO 72-12, Nov. 1972 (Computer Sciences Corp.)
(2) "Trimming an Aircraft Model for Flight Simulation”, NASA TM 89466,
Oct. 1987.

Subroutine TRIM will trim up to 10 arbitrary states to selected values and to
within selected tolerances, by manipulation of up to 10 arbitrary controls. If
more controls than states are used, the method of Lagrange multipliersis

used. If less controls than states are used, the least squares method is used.

TRIM evaluates partial derivatives once each IREVAL "primary evaluation
cycles” Sometimestheinitial flight regime partials are mathematically
sufficient for the iterative trimming solution to a multidimensional rotorcraft
trimming problem, meaning that IREVAL may be large.

After evaluation of the partia derivatives, the procedure revertsto the
directional derivative technique, during which al influence coefficients are
used. These coefficients are the elements of the pseudo-inverse matrix,
which has NCONT rows, where NCONT is the number of controls, and
NSTATE columns, where NSTATE is the number of states.

Subroutine TRIM works well on problems not well accommodated by other
FS software. It isabout eight times faster than BQUIET because partial
derivatives are not continually reevaluated. It isusualy faster than
GENTRMS. It does not require a priori knowledge of influence coefficients.

Acceptanceis based on two vector criteriac The states are at selected values,
to within selected tolerances, and the controls have become quiescent.

Internal filters are used without influencing the model states. Thesefilters
permit the trimming of atypical blade-element rotorcraft model in lessthan
ten seconds, at any point in the flight envelope.

The program listing is presented at the end of this document.

Calling Sequence:

CALL TRI M NCONT, C1, C2, C3, ¢4, C5, C6, C7, C8, 9, C10,
BOTVKT, TOPVKT,
NSTATE, S1, S2, S3, $4, S5, S6, S7, S8, 9, S10,
DESVKT, ACPVKT)



NCONT
Cl-C10

BOTVKT()

TOPVKT(I)

Calling Sequence Definitions:
The number of controls. 1 < NCONT < 10

Control identifiers. Any quantities available to the calling program which
may be controlled by subroutine TRIM, and which influence at least one
state. Controlsare used within TRIM as outputs as well asinputs. Since
usua controlsinclude pilot inputs, analog-to-digital channels (A/D's) should
be inhibited during trim. Subroutine TRIM retains complete command of the
controlswhile ITRMCM = 1.

A vector containing the minimum control excursions, in the order of the
calling sequence, and of length (dimension) NCONT or greater (up to 10).

A vector containing the maximum control excursions, in the order of the
calling sequence, and of length (dimension) NCONT or greater (up to 10).

NSTATE The number of statesto be trimmed to the DESVKT(I) values, and to within

S1-S10

DESVKT()

ACPVKT()

the ACPVKT(l) tolerance acceptance limits. 1 < NSTATE < 10

State identifiers. Any quantities available to the calling program are
permitted providing that they are influenced by at least one control. These
are used only asinputs by TRIM.

A vector containing the desired final state values (usually zeros are desired),
in the order of the TRIM calling sequence, and of length (dimension)
NSTATE or greater (up to 10).

The acceptance tolerance vector for the states (half the total bandwidth of
acceptance). A vector containing the (positive) acceptance values of the
states minus their desired values (absolute value) in the units of the
individual states, for automatic trim determination. Dimensioned NSTATE
or greater (up to 10).

Features

Subroutine TRIM replaces subroutines BQUIET and GENTRMG6. Previous trimming
routines at the Ames Simulation Laboratory contain subset features of subroutine TRIM:

Q) Up to 10 controls are permitted;

2 Up to 10 states are permitted,

3 The number of states may be greater than, equal to, or less than the number of
controls (overdetermined as well as determined and underdetermined);

(4)  Thedesired fina values of the states are selected by the calling program, in the units
of the states;

) The tolerance values (acceptance criteria) are selected by the calling program, in the
units of the states;
(6) All "shell logic" and screen messages are interna to TRIM;



(7)
(8)

(9)

(10)

(11)

(12)

(13)

(14)

(15)

Messages appear on the screen whenever controls hit limits (and bounce off);

The controlling switch ITRMCM) is automatically reset when the state acceptance
criteriaare met, and when all control variations (from one evaluation to the next)
display changes of less than one tenth of one percent of their range;

The matrix inversion processisinternal to TRIM, and occurs once per complete
trim procedure (every NDELAY*NCONT cycles - aprimary evaluation interval), if
IREVAL =1. IREVAL should usually be much larger than unity, so that inversion
isthen performed only every IREVAL*NDELAY*NCONT intervals.

Immediate termination is featured when ITRMCM is manually reset (in which case
IMANTR isset by TRIM), or when the trim criteria are met as determined by TRIM
(in which case IMANTR isreset);

When TRIM senses that the aircraft isnot airborne (IHIT = 1), the calling sequence
isignored and a specia processtakes over. This process determinesthe three
quantities THETIC, HIC and PHIIC, which are the aircraft pitch angle, altitude and
roll angle. These three quantities, required for rotorcraft ground trim, communicate
with the model through standardized channels. Four quantities are automatically
nulled: PBD, QBD, WBD and VBD, which are the aircraft roll acceleration, pitch
acceleration, vertical acceleration, and lateral acceleration. GAMVIC =0is
provided as a service in this mode of operation. (The use of a dlanted runway
requires amodification to this feature);

A first-order filter is activated to generate pseudo-states within TRIM (actua states
are not changed by TRIM). These quantities, which change each cycle, are
available in the special COMMON buffer. The continually-running filter hasatime
constant of one-fourth the product of the cycletime and NDELAY. Thefina
outputs of thisfilter after (each) NDELAY cycles are used for both secondary and
primary evaluations,

The states are of special interest every NDELAY cycles, when IEVAL isset. At
this point, with an appropriately large enough value for NDELAY, a sufficient
number of intervals should have transpired in the model to produce state quiescence
after control changes. Initially, the controls are consecutively perturbed (through
each IPARTE control), and this process terminates with a primary evaluation,
where IPARTE = 0, at which point atotal control vector change is made (this
defines a"primary evauation interval™). The primary evauation interval then
becomesonly NDELAY cyclesif IREVAL isgreater than one, and thislasts for
NDELAY*IREVAL cycles.

The availability of IEVAL to the calling program permits the tracking of the partial
evaluation progress without transient interference, if desired. The value for
IPARTE remainsin the reset condition after the partials have been evaluated until
IREVAL primary evaluation cyclestranspire. During thisinterval IEVAL continues
to be set every NDELAY cycles, for one cycle;

Manual termination (resetting ITRMCM) terminates TRIM with the controls
returned to the most recent primary evaluation point, and IMANTR = 1;

TRIM requires only subroutine BTYPE. A non-rea-timeversion of BTYPE is
availablein the STRIKE account. Thanksto J. Bunnell, this program has only one



(16)

(17)

(18)

executable line of code. Real-time users have unique versions of this software for
each computer ingtalation;

Trimming with subroutine TRIM, after the partials are evaluated, appears much like
trimming with subroutine GENTRM6, except that influence coefficients are
computed by TRIM rather than being required inputs, and they are computed
automatically. Also, because al of the influence coefficients (NCONT*NSTATE)
are computed, the user is not required to establish control/state dependency a priori.

A "noisy environment” does not adversely influence subroutine TRIM, as
previously occurred using subroutine BQUIET. Noise or high frequency
harmonics in the vehicle environment are suppressed by the first-order filters (with
time constant afunction of NDELAY). Unlike GENTRMS6, the controls are not
integrated.

Transient delaysin 1.C. mode do not adversely influence subroutine TRIM,
providing NDELAY is appropriately selected.

Communication with BASIC COMMON

In order to communicate with the COMMON arrays standardized for smulation models
(BASIC), the following equivalences appear within subroutine TRIM. When the aircraft
isnot airborne (IHIT = 1), the calling sequence isignored and communication is
accomplished through the following cells:

XNG
YNG
ZNG
XRG
ZRG
R2D

Array Definition (inputs when IHIT = 1)

A(55) Aircraft roll acceleration (rad/sec”)

A(56) Aircraft pitch acceleration (rad/sec”)

A(414) Right sideward acceleration (ft/sec”)

A(415) Downward acceleration (ft/sec”)

A(171) X Position of pilot w/r/t C.G. (ft) (ICG =0 only)
A(173) Z Position of pilot w/r/t C.G. (ft) (ICG =0 only)
A(187) Nose wheel X w/r/t C.G. (ft)

A(188) Nose whed Y w/r/t C.G. (ft)

A(189) Nose wheel Z w/r/t C.G. (ft)

A(190) Right wheel X w/r/t C.G. (ft)

A(192) Right wheel Z wir/t C.G. (ft)

A(359) Radians to degrees (deg/rad)



ICG

Name

PHIIC
THETIC
GAMVIC
HIC

|A(64)

When set, input positions are w/r/t C.G. and not w/r/t pilot
position coordinates.

Array Definition (outputs when IHIT = 1)

A(230) Initial roll angle (deg)

A(231) Initial pitch angle (deg)

A(233) Initia flight path angle (deg) (value zeroed when IHIT=1)
A(241) Initial height above runway (ft) (ICG dependent)

The above cellsareignored if the aircraft isairborne (IHIT = 0). This does not preclude
their use, however, in the calling sequence. Switches and valuesthat are of general use by
subroutine TRIM are given by:

ITPROG

IMANTR

IREVAL

IPARTE

each evauation (every NDELAY counts), after each control has a

NDELAY cycles after acontrol change). IEVAL isaways set by
TRIM once every NDELAY cycles. Thisswitch may be of use

Real-time models usually output controls and states continually.
Anoutput. Trimisin progresswhen ITPROG is set. When this

Anoutput. A flagthat isset only if ITRMCM is manually reset.
Thisflag is useful when aborting sequential trim processes, e.g.,

Aninput, and an output. When TRIM isentered ITRMCM =1)
your value of IREVAL is saved for restoration upon proper exit
from theroutine. During theinterim it is used as a counter from
unity to its entrance value. IREV AL should probably be about

controls are changed during the regression (as atotal vector, not

model's equations has a problem - because the partial derivatives

Array Definition (inputs and outputs)

IA(9) Aninput (to TRIM). Whes or tail on ground when set.

IA(21) Anoutput. Trim evaluation discrete. Is set only once during
chance to produce effect from cause (through the model,
only to non-real-time models, possibly for printout control.

IA(23)
occurs the cab A/D's should be turned off.

|A(43)
aircraft trim followed by power trim.

|A(44)
10, meaning that partials are evaluated every tenth time the
for individual partial evaluations). A required unity value for
IREVAL undoubtedly meansthat the cyclic structure of the
after an incremental control change are significantly different
from those prior to the change.

|A(45)

An output. Informs user which control is being perturbed during
apartial evaluation sequence (order = calling sequence,
sequential). Each time a control is changed (a secondary



interval), NDELAY cycleslater IEVAL isset to unity for one
pass. This process occurs for each partial derivative evaluation,
where the value of IPARTE cycles sequentialy to afinal value of
NCONT. IPARTE isthen reset. When IPARTE is zero, only
primary evauations are being performed. IPARTE may only be
of interest to non-real-time models.

NDELAY 1A(46) Aninput. Thisistheimposed delay count before "effect” is
assumed to be established from "cause” (by observing the states).
Typically, this value should be about 4, as required because of
algebraic loopsin simulation models. Themodel code may bein
error if it must be appreciably larger. However, if dynamic
processes occur in |.C. mode, such as in blade-element rotorcraft
models (which emulate operate mode during I.C. mode), it may
be required that this value be an order of magnitude higher. A
minimum value of unity and a maximum value of 200 are
imposed.

NMSGTR 1A(50) Number of cycles delay between limit interference messages.

ITRMP IA(103)  Anoutput. The previousvalue of ITRMCM. Set and reset
within TRIM (but not used within TRIM). (See the requirement,
below, that TRIM be called when ITRMP = 1).

ITRMCM  IA(111) Externally set by the user, thisisaso an output from TRIM when
trim acceptance criteriaare met. Thisisthe trim mode discrete for
TRIM. If thisflagisreset by the user during trimming
operations, IMANTR is set by TRIM.

ITBAD IA(166)  Anoutput. Control limit interference has occurred during trim
when ITBAD isnon-zero. The sign of ITBAD indicates whether
an upper (+) or lower (-) limit has been hit (this feature may only
be of interest to non-real-time models), and the value shows the
offending control number. ITBAD isonly determined during
primary evaluations.

GAIN A(255) Aninput. Nominaly 0.5, this value controls the convergence
rate. If it istoo large the controls arein danger of limit cycling,

and if it istoo small it may take forever to trim. If this quantity is
ignored, TRIM takes care of it.

Common Requirements
In addition to the standard BASIC COMMON requirements,
COMMON/XFL OAT/A(500)/IFIX ED/IA(250)
subroutine TRIM uses additional COMMON:
COMMON /FEXTRA/FEXT(20)

Contained in these cells (which are not available for redefinition) is the pseudo-state



vector created by subroutine TRIM:

Name Definition

FEXT() Thefirst NSTATE valuesin thisvector are observations of the state history, as
used by TRIM. These values are the outputs of the first- order filters, with
changing values each cycle. Because of this buffer, subroutine TRIM does not
interfere with the actual states in the mode.

Acceptance

Acceptance occurs if two vector conditions are met. These conditions are (1) that the
absolute value of the difference between each state and its desired value DESVKT(]) is
less than the acceptance criteria ACPVKT(I), and (2) that each control change (from
primary evaluation to primary evaluation) be lessthan 0.1 percent of itsrange. Therange
of each control is defined by the difference TOPVKT(l) - BOTVKT(l).

In ground trim (IHIT = 1), acceptance occurs when PBD and QBD are less than .001
rad/sec’ and when WBD and VBD are lessthan .01 ft/sec’.

Manual "acceptance" occurs when ITRMCM is externally reset.

Subroutine TRIM should always be called in 1.C. mode. Minimally, the following
structure should be used:

IF(ITRMCM.NE.O.OR.ITRMP.NE.O) CALL TRIM(NCONT...

On subseguent trim attempts the calling sequence logic may be confused if the above call
is not made when ITRMCM resets.

On the acceptance cycle, subroutine TRIM resets the values of IPARTE, ITPROG, and
ITRMCM. (But IPARTE and ITPROG cannot be reset by TRIM if manual termination
occurs and TRIM isnot called as specified above). Also, IEVAL isset onthiscycleif
termination occurs from within TRIM. On the next pass (where ITRMCM has been
reset during the previous cycle), the values for IEVAL and ITRMP are then reset. On
any subsequent callsto TRIM, providing ITRMCM remains reset, an immediate return
occurs. TRIM isthen prepared for additional trimming operations.

Notes

The maximum and minimum control values are important inputs. Their differences, in
particular, are used to determine the partia increment sizes. These are computed to be
one-half of one percent of the range, i.e., 0.005* (TOPVKT(l) - BOTVKT(l)). Also,
controls cannot exceed these limits regardless of whether this seemsto be required during
trim. When acontrol hitsalimit it bounces off by 5 percent of the range, i.e.,
0.05*(TOPVKT(I) - BOTVKT(l)).

Although zero errors are generally desired in the trim process, be reasonable. For



example, if the states { S1, S2, ...} are defined as {PBD, QBD, RBD, UBD, VBD,
WBD}, (NSTATE=6), the values for ACPVKT(l) of {.001, .001, .001, .01, .01, .01}
are recommended.

"Primary evaluations' are when the complete control vector is changed. Control
perturbations, required in order to determine the partial derivatives, are "secondary
evaluations'.

Reevaluation of partials usually sows the trimming procedure; indeed, if IREVAL isset
to unity the outputs of TRIM are approximately those of BQUIET.

When IEVAL =1 and IPARTE # 0, the controls have been used during the previous
NDELAY cyclesfor evaluating partial derivatives with respect to a control perturbation.
The value of IPARTE identifies the specific contral.

When IEVAL =1 and IPARTE = 0, the complete control vector has been changed, and
this change has been propagating through the model for NDELAY cycles. Providing

that NDELAY issufficiently large, an observation of the states when IEVAL goes high
and IPARTE = 0 isagood measure of state convergence. (In this casethe states are
examined after the complete control vector has a chance to operate on them through the
model and then STRIKE or SMART). If observations of the statistically smoothed states
are desired, they are available from the first NSTATE values of the FEXT(I) vector,
which is declared in COMMON.

The utility of subroutine TRIM is not restricted to the flight simulation environment. It
isaperfectly general regression analysis routine, providing only that the calling sequence
isutilized (IHIT = 0 only).

Examples

In order to demonstrate subroutine TRIM, the BLACK HAWK model isused. Inthis
model the states are those typically used in flight ssimulation. They consist of the vehicle
axes linear and rotational accelerations. The controls are defined as X (longitudinal
control), X. (vertical contral), X, (roll control), X, (yaw control), 8 (pitch control), and

either @ for the hover case or y,, otherwise (lateral control). In each of three separate
example flight conditions, the starting values (upon trim initiation) of all of the controls
areidentical.

In Figure 1 the 80-knot trim case is presented; in Figure 2 the hover case is presented;
and in Figure 3 the 140-knot case is presented. These trim historiesare al similar, each
requiring less than 10 seconds to complete.

In these figures the entire trim process is shown. During the first few cycles, until
about time T = 3 seconds, the partial derivatives are evaluated. Subsequently, in about
an equal interval of time, the controls converge to those values required to null the
states, as shown. The values GAIN = 0.5 and NDELAY = 40 were used.

The value of NDELAY =40 isnot required for trimming the Black Hawk model. This
model will trim with NDELAY assmall as 10. Also, it will trim faster. For example,
Figure 4 is provided to show that for NDELAY = 15 the model trimstwice asfast asit
doesin Figure 3, where NDELAY =40. For NDELAY smaller than 10 the Black Hawk



model does not trim. Thisis caused by the sow rotor dynamics, in that nine cycles are
not sufficient for the states to approach their final-value regions. Hence, the partia
derivatives are improper for such asmall value of NDELAY .

Figure 5 is presented to show the TRIM time requirements for various values of NDELAY .
For the Black Hawk model, the value of NDELAY = 15 isoptimal.

10
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Check List
The vehicle states should be fairly quiet before I TRMCM is st.

The maximums and minimums should be selected with care. Their differences
should not be unrealistically large, but just large enough to accommodate control
deflections over the entire flight envelope.

The basisfor partial derivativesis determined from the initial control settings. Hence,
if a all possible, theinitial controls should be in the region of the anticipated fina
values.

After the partials have been determined, if trim convergence seemsto be either
exceptionally sow, or oscillatory, consider increasing NDELAY rather than
decreasing IREVAL. Unity IREVAL, for instance, causes a complete reeval uation of
the partial derivative matrix every NDELAY cycles, and thiswill cost
NCONT*NDELAY cycles, dong with considerable overhead including matrix
inversion.

The value for GAIN need rarely be changed from itstypical value of 0.5. The most
common reason for trim failuresis an inadequate value for NDELAY .

Large valuesfor NDELAY no longer impose the costly time penalties of the past.
Hence, during initial checkout of a new model, it isagood ideato start with alarge
valuefor NDELAY/, such as 40, and to later work the value down to a minimal region
(for on-line operations).

Itisagood ideato store trim control configurations for later use. Then, despite
possible flight regime variations, later trim processes will be very fast.

Report trim problems (and solutions) to the author. All "sufficiently genera
improvements” in our trimming techniques should be included in subroutine TRIM.

Sample Call Structure

Thefollowing code is offered as an example of calling subroutine TRIM. In this
example the partials are computed every third primary evauation point by use of
IREVAL.

C...Dimension trim arrays

C

DI MENSI ON DESVKT( 6) , ACPVKT( 6) , BOTVKT( 6) , TOPVKT( 6)

C...Control limits

0o

DATA DAPM N, DAPMVAX/ - 4. 27, 4. 27/
DATA DEPM N, DEPMVAX/ - 5. 33, 5. 33/
DATA DRPM N, DRPMVAX/ - 3. 25, 3. 25/
DATA DCPM N, DCPVAX/ 0. 0, 10. 65/
DATA THETM N, THETMAX/ - 10. 0, 10. 0/
DATA PH M N, PHI MAX/ - 10. 0, 10. 0/

...Desired values and acceptance tolerances

11



00 000

000 000 0000

DATA DESVKT/ 6*0. 0/
DATA ACPVKT/ 0. 01, 0. 01, 0. 01, 0. 005, 0. 005, 0. 005/

In1.C. Mode, transfer control limits to arrays

(could have been done directly inaBLOCK DATA program)

BOTVKT(1) = DEPM N
BOTVKT(2) = DCPM N
BOTVKT(3) = DAPM N
BOTVKT(4) = DRPM N
BOTVKT(5) = THETM N
BOTVKT(6) = PH M N
TOPVKT(1) = DEPMAX
TOPVKT(2) = DCPMAX
TOPVKT(3) = DAPMAX
TOPVKT(4) = DRPMAX
TOPVKT(5) = THETMAX
TOPVKT(6) = PHI MAX

..Evaluate the partial derivatives every third primary

evaluation point: (IREVAL isin A-COMMON, so this
should beaBLOCK DATA entry)
| REVAL = 3

..Turn off A/D's when trimming.
..Read "NOADS" as "Number of A/D's" (don't know why...)

| F(1 TRMCM EQ 1) NOADS = 0

..Trim the aircraft states. TRIM iscalled every cycle.

CALL TRI M 6, DEPTRI M DCPTRI M DAPTRI M DRPTRI M

BOTVKT, TOPVKT,
UBD, VBD, WBD, PBD, @BD, RBD, S7, S8, S9, S10,
DESVKT, ACPVKT)

A WN P

.If trimming termination, enable A/D's

(NOADS = 1 issufficient on CDC)
I F((I TRMCM EQ 0) . AND. (1 TRVP. EQ 0)) NOADS = 1

..End of example

THETIC, PHIC, C7 , C8 , €9, (10,

12
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Subroutine TRIM

Cr***x*  SOURCE FI LENAME = TRIM 12/ 12/ 94

C SUBROUTI NE PI CK AT END
C SUBROUTI NE FI LTI T AT END
C

C
Ck*************************************************************
Ck**** * k k k%
Crxxxx STRI KE SUBROUTI NE i
Ck**** * k k k%

Ck*************************************************************

C
C
C234567890123456789012345678901234567890123456789012345678901234567890
C 1 2 3 4 5 6 7
C
C
C
SUBROUTI NE TRI M NCONT, C1, C2, C3, ¢4, C5, C6, C7, C8, 9, C10,

1 BOTVKT, TOPVKT,

2 NSTATE, S1, S2, S3, $4, S5, S6, S7, S8, S9, S10,

3 DESVKT, ACPVKT)

EE R I I R R I I I R S R R O R R I R I I R I R I R R I

SUBROUTI NE ABSTRACT & HI ERARCHY

EE R I I R R I I I R S R R O R R I R I I R I R I R R I

AUTHOR: R E. MCFARLAND - NASA -

TH S PROGRAM REPLACES BQUI ET AND GENTRMS.
IT 1S COWUTER PORTABLE.
IN COVPARI SON, | T HAS MORE FEATURES:

(1) PERM TS UP TO 10 CONTROLS.

(2) PERM TS UP TO 10 STATES, AND YOU
SELECT THEI R FI NAL VALUES DESVKT(I)
(W THI N THE TOLERANCE VECTOR ACPVKT(1)).

(3) THE NUMBER OF CONTROLS (NCONT) MNAY BE
GREATER THAN, EQUAL TO, OR LESS THAN
THE NUMBER OF STATES ( NSTATE).

(4) YOU SELECT THE STATE ACCEPTANCE
CRI TERI A ACPVKT(1l), IN THE UNITS OF

OO00O0000O00000000000000000QOQOOO
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(5)

(6)

(7)

(8)

(9)

(10)

(11)

(12)

(13)

YOUR OMN STATES.

THE PARTI AL DERI VATI VES ARE ONLY COWPUTED
EVERY | REVAL PRI MARY CYCLES.

ALL REQUI RED DELAY LOG C AND THE
- TRIM COWLETED- MESSAGE NOW | NCLUDED
WTH N TH S ROUTI NE.

| TRMCM | S AUTOMATI CALLY RESET WHEN
YOUR TRI'M CRI TERI A ARE MET, AND WHEN
THE CONTROL VARI ATI ONS FROM ONE

PRI MARY EVALUATI ON TO THE NEXT CHANGE
LESS THAN 0.1 PERCENT (ACPCTL) OF
THEI R RANGE (TOP(1) - BOT(1)).

CONTROL QUI ESCENCE AS WELL AS STATE
NULLI NG REQUI RED FOR AUTOVATI C TRIM
(THE FI RST FEATURE | S SIM LAR TO GENTRM) .

A MESSAGE APPEARS ON THE SCREEN WHENEVER

A CONTROL (1) HITS YOUR BOTVKT(I) OR

TOPVKT(1) LIMT (I T WLL BOUNCE OFF).
(SEE THE ABOVE MODI FI CATI ON #1) .

VWHEN TRI M SENSES THAT THE Al RCRAFT

IS NOT AIRBORNE (I HI T=1), THE CALLI NG
SEQUENCE IS | GNORED AND A SPECI AL
PROCESS TAKES OVER. TH S PROCESS
DETERM NES THE THREE QUANTI TI ES THETI C,
H C AND PHI I C, AS REQUI RED FOR ROTOR-
CRAFT. FOUR QUANTI TI ES ARE NULLED:
PBD, QBD, WBD AND VBD.

GAWIC = 0 | S PROVI DED AS A SERVI CE.
IF YOUR AIRPORT IS ON A HILL, YOU WLL
HAVE TO CHANGE THI S.

I NVERSI ON PROCESS |'S | NTERNAL.

BOTH STATE AND CONTROL PROGRESS NOW
AVAI LABLE WHEN | EVAL HI GH.

TRI M USES A FI RST- CRDER LAG ON THE | NPUT
STATES W TH TI ME CONSTANT = DT* NDELAY/ 4.
THESE FI LTERED STATES ARE | NTERNAL.

FOR THE BLACK HAWK MODEL, NDELAY = 10
'S REQUI RED DUE TO ROTOR DYNAM CS I N
I.C. MODE

FEATURES | MMEDI ATE TERM NATI ON WHEN

El THER (A) YOU TURN OFF | TRMCM OR
VWHEN ACCEPTANCE |'S AUTOVATIC (AND THI S
PROGRAM TURNS OFF | TRMCM) . MANUAL
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RESET OF | TRMCM CAUSES | MANTR = 1

(14) PROGRAM CALLS (ONLY):
(A) FILTIT (BELOW
(B) Pl CK (BELOW
(C) BTYPE

(15) TRIM 1S COVPUTER PORTABLE.

(16) TRIM 1S THE FASTEST GUN I N AMES CI TY. ..
TH S PROGRAM USES SUBROUTI NE BTYPE FOR SCREEN MESSAGES.
BTYPE | S A REAL-TI ME PROGRAM BUT A FORTRAN COMPUTER PORTABLE
EQUI VALENT ROUTI NE IS AVAI LABLE I N THE STRI KE

ACCOUNT OF SI MDEV AND FSD VAX FOR NON- REAL- TI ME OPERATI ONS.
I T CONSI STS OF 2 LINES OF CODE THANKS TO JOHN BUNNELL ( SYRE).

O00000000000O0O00O0O0O0O00O00O00O0OO0

C THE CALL TO SUBROUTI NE STRI KE HAS BEEN TAKEN OUT IN TH S VERSI ON

C (AT THE END) HOWEVER, SUBRCUTI NE TRI M FUNCTI ONS BETTER | F THE CALL
C IS PUT BACK INTO TH S CODE (AND YOU CONVERT TO THE STRI KE SYSTEM ).
C

C%*******************************************************************

LR I S I I O I I R I R R I O I R

LR I S I I O I I R I R R I O I R

THI'S I'S A GENERALI ZED Al RCRAFT TRI M
ROUTINE. |IT I'S A BASI C ROUTI NE FOR "NULLI NG'
(TO DESVKT(1)) UP TO 10 (NSTATE (M) STATES,
BY MANI PULATI NG THE NCONT (N) CONTROLS (C S).
(UP TO 10 CONTROLS ARE PERM TTED).

| TPROG W LL AUTOVATI CALLY RESET | F ALL
ABS(S(1)-DESVKT(1)).LT. ACPVKT(1)

AND ALL CONTROL CHANGES LESS THAN 0.1 (ACPCTL)

PERCENT OF THEI R RANGES,

OR, IN GROUND TRIM (I H T=1),

PBD AND QBD LESS THAN . 001 RAD/ SEC2
WBD AND VBD LESS THAN . 01 FT/ SEC2.

ON- THE-GROUND TRIM IS AUTOVATI C | F
IH T=1. THE CALLI NG SEQUENCE, IN TH S
I NSTANCE, |S | GNORED.

I TRMCM | S THE CONTROL SW TCH FOR THI' S ROUTI NE.
T 1S AUTOVATI CALLY RESET IF ALL TRIM CRI TERI A
ARE MET. MANUAL TERM NATI ON ( SETTI NG | TRMCM=0

O000000000000O00000000000000
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YCOURSELF) TERM NATES | MVEDI ATELY W TH THE CONTROLS
RETURNED TO THE MOST RECENT PRI MARY EVALUATI ON

PO NT. HOWEVER, |F YOU WANT | TRMP TO BE RESET,
YOU MUST CALL TRIM ONE MORE TI ME:

* * % *x % *x * % *x % *x * *x * * *x * *x * *x * * *x * %

* |F(I TRMCM GT. 0. OR. | TRWP. GT. 0) CALL TRIM... *

* * % *x % *x * * *x % *x * *x * * *x * *x * *x * * *x % %

HOAEVER, SINCE TRI M CALLS ARE ALVWAYS I N YOUR SETUP ROUTI NE
(I.C. MODE), IT IS PREFERABLE TO ALWAYS CALL TRIM  (NO CHECKI NG .

khhkkkhhkhkhkdhkhkhkdhhkdrhdhhkdhhhdhrhkhhdrhdhrhkdhorkhdhrhkdhorhdrhkdhorhdrhkdhrrxhddxkddxxk

NOTE: A SHELL I'S NOT' REQUI RED AROUND TRIM I T PERFORMS ALL OF
THE NDELAY LOG C | TSELF AND PROVI DES MESSAGES.

khhkkkhhkhkhkdhkhkhkdhhkdrhdhhkdhhhdhrhkhhdrhdhrhkdhorkhdhrhkdhorhdrhkdhorhdrhkdhrrxhddxkddxxk

IF YOU WSH TO SEE (DI SPLAY) THE PRI MARY EVALUATI ONS,
PUT SOME SUCH CODE AS FOLLOWS IN YOUR SETUP (I.C. MODE) ROUTI NE:

| F(1 TRMCM GT. 0. OR. | TRWP. GT. 0) CALL TRI M NCONT,

| F(1 EVAL. EQ 1) THEN
FOR OBSERVI NG YOUR STATES,
WRI TE(*, *) S1,S2,S3,...
OR THE FI LTERED VALUES,
WRI TE(*, *) (FEXT(1), | =1, NSTATE)
AND YOUR CONTROLS,
WRI TE(*, *) Cl,C2,C3, ...
END | F

CALL (YOUR MODEL)
CALL STRIKE (OR SMART, PROVI DI NG BSETUP CALLED)

LR R R R R R R R R I I I I R I S I I I

NOTE THAT THE -TRI M COVPLETED- MESSACE IS
NOT I N YOUR CODE ANYMORE. TRIMDCES IT, AS
VELL AS PROVI DE OTHER PERTI NENT MESSAGES.

O00000000000O0O000O00000000000000000000O00O00O00O000O0

C%********************************************************************

C CREATI ON & MODI FI CATI ON LOG
Ck********************************************************************
C DATE INIT DOCH DESCRI PTI ON
S
C

C OCT 1987 R E. MCFARLAND - NASA - BASED UPON BQUI ET, OCT. 19,
1972,

C AND " TRI MM NG AN Al RCRAFT MODEL FOR FLI GHT

SI MULATI ON',

C NASA TM 89466

C
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C 08/17/89 REM VERSION 1.0 (BETA VERSI ON)

C CONFORMS TO THE ANSI FORTRAN STANDARD

C (HAS APPROPRI ATE SAVES)

C SEE: FSE PROGRAM SUMVARY DOCUMENT #1, "TRI M
C

C 08/17/90 SCB MODI FI ED TO ELI M NATE COVPI LATI ON WARNI NG ERRORS
C I N SUBROUTI NE PI CK

C

C 11/20/90 JOO CHANGED IN THE FOLLOW NG WAYS:

C 1. " LIMT ERROR HT ' MESSAGE TO APPEAR ONLY
C EVERY NMSGITR CYCLES, | NFORM NG USER OF ALL
THE

C RELEVANT CONTROLS ( FEATURE #8 ABOVE).

C 2. CHANGED NAMES OF LCCAL VARI ABLES TO AVA D
CONFLI CT

C W TH BASI C NAMES.

C

C 02/11/91 SCB A) MOVED TO STRI KE ACCT. ON THE CDC.

C B) REFORMATTED

C C) USED THE ANSI STD VARI ABLE DIMENSION (*) IN
C TRIM AND FILTIT.

C

C 03/20/91 REM VERSION 1.1

C CHANGED | REVAL LOG C ALA USER REQUI REMENTS. I T
C IS NOW A SKI P FACTOR. UNI TY MEANS THAT YOU WANT
C PARTI AL EVALUATI ONS EVERY PRI MARY CYCLE. T™W™WO

C MEANS YOU WANT PARTI AL EVALUATI ONS EVERY OTHER
C PARTI AL CYCLE, ETC.

C

C 08/16/91 SCB REPLACE STOP STATEMENT WTH A CALL

C TO STOPCYC (WHI CH STOPS CYCLI NG AND

C SET | TRMCM = 0.

C

C 12/ 12/ 94 SCB CONVERSI ON TO DEC FORTRAN 6. 2

C

C

C
C%********************************************************************
C SI GNI FI CANT VARI ABLES
C%********************************************************************
C

Cc3 12 20 63

C VAR ABLE COMMON  ---------- DEFI NI TI ON---------- UNI TS
C NAME ARRAY

C LOCATI ON

C

C > > > > | NPUT < < < <

C e ededdiao-

C

C THE STATES ARE USUALLY DEFI NED I N SI MULATI ON BY

C THE FOLLOW NG SI X VARI ABLES, BUT YQU

C MUST SPECI FY THEM I N THE CALLI NG SEQUENCE:

C

C PBD A( 55) Al RCRAFT ROLL ACCELERATI ON, B- FRAME RAD/ SEC2
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QD
RBD
uBD
VBD

... THESE
XP

ZP

XNG

YNG

ZNG

XRG

ZRG

R2D

I CG

IHT

NDELAY

| TRMCM

A( 56) Al RCRAFT PI TCH ACCELERATI ON, B- FRAME RAD/ SEC2
A( 57) Al RCRAFT YAW ACCELERATI ON, B- FRAME RAD/ SEC2
A(413) FORWARD ACCELERATI ON, B- FRAVE FT/ SEC2
A(414) R GHT S| DEWARD ACCELERATI ON, B- FRAME FT/ SEC2
A(415) DOWNWARD ACCELERATI ON, B- FRAVE FT/ SEC2
DATA VALUES ONLY NEEDED FOR GROUND TRIM . (IH T = 1).......
A(171) X POSITION OF PILOT WR'T C. G FT
A(173) Z POSITION OF PILOT WR'T C. G FT
A(187) NOSE WHEEL X WR/T C. G FT
A(188) NOSE WHEEL Y WR/T C. G FT
A(189) NOSE WHEEL Z WR/'T C. G FT
A(190) RIGHT WHEEL X WR/T C. G FT
A(192) RIGHT WHEEL Z WR/'T C. G FT
A(359) RADI ANS TO DEGREES DEG RAD
| A(64) WHEN SET, INPUT PCS. ARE WR/'T C.G AND

NOT WR/ T PILOT POSI TI ON COORDI NATES.
IA( 9) GROUND TOUCHED BY WHEEL OR TAIL
| Al 46) DELAY COUNT BEFORE ACQUI SI TI ON OF EFFECT FROM

A PARTI AL CHANGE, OR A PRI MARY EVALUATI ON.

TYPI CALLY, THI'S VALUE | S ABOUT 4, DUE TO

ALGEBRAI C LOOPS I N A SI MULATI ON MODEL. | F

| T MUST BE APPRECI ABLY LARGER, YOUR CODE MAY

BE IN ERROR. HOWEVER | F DYNAM C PROCESSES

OCCUR IN |.C. MODE, SUCH AS | N BLADE- ELEVENT

ROTORCRAFT MODELS, THI'S VALUE MAY BE REQUI RED

TO BE ON THE ORDER OF 20.
| A(111) TRI'M MODE DI SCRETE FOR THI' S ROUTI NE.
| A(43)  SEE QUTPUTS. ..

| MANTR

NCONT

Cl1 - C10

BOTVKT( 1)

TOPVKT( 1)

THE NUMBER OF CONTROLS YOU WANT TO USE FROM
THE CALLI NG SEQUENCE LI ST (WHI CH | S PADDED
QUT TO 10 VARI ABLES).

CONTROL | DENTI FI ERS FROM CALLI NG SEQUENCE.

THESE QUANTI TI ES ARE OUTPUTS AS WELL AS | NPUTS.
HOPEFULLY, YQU DO NOT SELECT LI NEARLY DEPENDENT
CONTROLS. | F ANY TWO CONTROLS PRODUCE PROPORTI ONAL
CHANGES | N THE STATE VECTOR, THI S PHENOVENON OF

LI NEAR DEPENDENCE W LL CAUSE HAVCC | N THE | NVERSI ON
PROCESS.

A VECTOR CONTAI NI NG YOUR CONTROL M NI MUM VALUES,
IN THE ORDER OF THE TRI M CALLI NG SEQUENCE, AND
OF LENGTH (DI MENSI ON) NCONT OR GREATER (UP TO 10)

A VECTOR CONTAI NI NG YOUR CONTROL MAXI MUM VALUES,
IN THE ORDER OF THE TRI M CALLI NG SEQUENCE, AND

21



O0000000000000O0000O00000000000000000000000000000000000O0

NSTATE

S1 - S10

DESVKT( 1)

ACPVKT( 1)

OF LENGTH (DI MENSI ON) NCONT OR GREATER (UP TO 10)
NOTE:

THE MAXI MUVS AND M Nl MUMB ARE | MPORTANT.
THEI R DI FFERENCE, | N PARTI CULAR, | S USED FOR
DETERM NI NG YOUR PARTI AL | NCREMENT SI ZE, WHI CH
W LL BE ONE-HALF OF ONE PERCENT OF THE RANGE
|.E., 0.005*(TOPVKT(I) - BOTVKT(I)).

ALSO, CONTROLS W LL NOT EXCEED THESE LIM TS
REGARDLESS OF WHETHER THI S SEEMB TO BE

REQUI RED DURING TRIM  WHEN A CONTROL HI TS A
LIMT I T BOUNCES OFF BY 5 PERCENT OF THE RANGE,
. E., 0. 05* (TOPVKT(1) - BOTVKT(I)).

THE NUMBER OF STATES YOU WLL BE TRI MM NG
TO THE DESVKT(1) VALUES, FROM THE CALLI NG
SEQUENCE LI ST (WHI CH IS PADDED OUT TO 10
10 VARI ABLES) .

STATE | DENTI FI ERS FROM CALLI NG SEQUENCE.

THESE ARE | NPUTS TO TRIM ONLY. HOPEFULLY, WHEN
TRI M CHANGES A CONTROL, CHANGES OCCUR I N YOUR
MCODEL | N AT LEAST ONE STATE, AND THAT THESE
CHANGES BECOVE RELATI VELY QUI ESCENT | N NDELAY
PASSES.

A VECTOR CONTAI NI NG YOUR DESI RED FI NAL STATE
VALUES (USUALLY YOU WANT ZEROS), | N THE ORDER
OF THE TRI M CALLI NG SEQUENCE, AND OF LENGTH
(DI MENSI ON) NSTATE OR GREATER (UP TO 10).

THE ACCEPTANCE ( STATE TOLERANCE) VECTOR

A VECTOR CONTAI NI NG THE PCSI TI VE ACCEPTANCE VALUES
OF THE STATES M NUS THEI R DESI RED VALUES ( ABSOLUTE
VALUE) IN THE UNITS OF THE STATES, FOR

AUTOVATI C TRI M TERM NATI ON. DI MENSI ONED

NSTATE OR GREATER (UP TO 10).

ALTHOUGH YQU DESI RE ZERO DI FFERENCES FOR TRI M
BE REASONABLE. | F YOUR STATES ARE S1=PBD,
S2=(BD, S3=RBD, S4=UBD, S5=VBD, S6=WBD, ( NSTATE=6) ,
FOR | NSTANCE, THE VALUES FOR ACPVKT(Il) OF

. 001, .001,.001,.01,.01,.01 ARE RECOMVENDED.

A FIRST-ORDER FILTER I'S USED I N ACQUI RI NG STATE
DATA USED BY TRRM  THE TI ME CONSTANT IS

DT* NDELAY/ 4, AND A TRI ANGULAR DATA HOLD

'S USED IN THE DI SCRETE REALI ZATI ON.

THE FUNCTI ON OF THE ACCEPTANCE VECTOR IS TO TURN OFF | TPROG
AND | TRMCM WHEN THE STATES ARE LESS THAN THESE VALUES, AND ALL
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COMMUNI CATI ON BOUNDARY PROBLEMS ARE SCOLVED.

NDELAY

| REVAL

GAIN

NMSGTR

| F MORE CONTROLS THAN STATES ARE SELECTED, THE METHOD
OF LAGRANGE MULTIPLIERS | S USED. | F LESS CONTRCLS
THAN STATES ARE USED, THE LEAST SQUARES METHOD | S
USED (BUT W THOUT WEI GHTS), SIM LAR TO BQUI ET.

UNLI KE BQUI ET, THI' S ROUTI NE AIDS YOQU I N THE
ACQUI SI TI ON OF THE STATES.

I T ACCUMULATES FI LTERED VALUES FOR NDELAY COUNTS
BEFORE | T MAKES DECI SI ONS. . .

M N MUM VALUE IS 1. DURI NG NDELAY CYCLES

EACH STATE | S FI LTERED AND ACCUMULATED

FOR EVENTUAL USE | N THE PARTI AL EVALUATI ONS WH CH OCCUR
EVERY NDELAY CYCLES ( SECONDARY EVALUATIONS). THESE
PARTI ALS ARE FCR EVENTUAL USE | N THE PRI MARY EVALUATI ON,
WHERE YOUR COVPLETE CONTRCL VECTOR |'S CHANGED BY TRIM
AFTER THE PSEUDO- | NVERSE | S OBTAI NED, PARTI ALS ARE NOT
RE- COVPUTED UNTI L | REVAL PRI MARY EVALUATI ONS LATER

'S ACQUIRED WVHEN TRIM IS | NI TI ALLY ENTERED, AND CHANGED
BY TRM THE ORI G NAL VALUE | S RESTORED WHEN TRIM | S
PROPERLY TERM NATED.

A UNITY VALUE FOR | REVAL MEANS THAT THE TEDI QUS PROCESS

OF RE- COWPUTI NG THE PARTI AL DERI VATI VES AND CREATI NG THE
PSEUDO- | NVERSE W LL OCCUR EVERY TI ME A PRI MARY EVALUATI ON
IS MADE. (A PRI MARY EVALUATION | S THE VECTOR CHANCE OF
ALL CONTROLS TO A NEW PRI MARY PO NT, NDELAY* NSTATE CYCLES).
A VALUE OF TWDO FOR | REVAL MEANS THAT THE SAME PARTI AL

DERI VATI VES MAY BE USED FOR TWO CONSECUTI VE PRI MARY
EVALUATI ONS, AND THEN THE RE- EVALUATI ON OF PARTI ALS
OCCURS. A LARCGE VALUE FCR | REVAL | S RECOVMMENDED, LIKE

20. THE BLACK HAWK MCDEL HAS TRI MMED I N VERY FEW

CYCLES WTH A VALUE FCR | REVAL SO LARGE THAT RE- EVALUATI ON
OF PARTI ALS NEVER OCCURRED.

THE STATE HI STORIES ARE FILTERED WTHIN TRIM AND THE
QUTPUTS ARE USED FOR PARTI AL EVALUATI ONS EACH NDELAY
COUNTS UNTI L THE PSEUDO- | NVERSE MATRI X |'S COVPUTED.

NOM NALLY 0.5. CONTROLS CONVERGENCE RATE. IF IT IS TOO
LARGE THE CONTROLS W LL PROBABLY LIMT CYCLE, AND IF IT
IS TOCO SVALL I'T WLL PROBABLY TAKE FOREVER TO TRI M

IF YOU FORGET THIS, TRRM WLL TAKE CARE OF I T FOR YQU.

NUMBER OF CYCLES BETWEEN | TBAD MESSAGES, AS DI SPLAYED ON
THE SCREEN. NOM NALLY SET I N BLOCK DATA BASI C TO 120,
BECAUSE THI S VALUE WAS DETERM NED TO BE LEAST ANNOYI NG TO
REAL- TI ME OPERATI ONS.

A PRI MARY CYCLE:
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| F PARTI ALS ARE BEI NG EVALUATED, A PRI MARY CYCLE CAN BE LARCGE.
NDELAY CYCLES ARE REQUI RED BEFORE STATES ARE OBSERVED FROM EACH
CONTROL PERTURBATI ON.  HENCE, TH S TAKES NDELAY* NSTATE COMPUTER
CYCLES. HOWEVER, |F PARTI ALS ARE NOT BEI NG EVALUATED, A PRI MARY
CYCLE I'S SI MPLY NDELAY CYCLES LONG

L R R R I R I R I R R I S I I I R I I I I S I R

............ ONLY

PHIIC  A(230)
THETIC  A(231)
GAWI C  A(233)

HI C A(241)

| EVAL | A(21)

FOR GROUND TRIM .......... (THT=2) . ... .
NI TIAL ROLL ANGLE, L-FRAME DEG
INITIAL PITCH ANGLE, L-FRAME DEG

I NI TIAL FLI GHT PATH ANGLE ABOVE HORI ZON DEG
(VALUE ZEROED HEREI N WHEN | HI T=1)
I NI TI AL HEI GAT ABOVE RUNWAY FT

TRI M EVALUATI ON DI SCRETE. 1S SET ONLY ONCE
PER EACH EVALUATI ON ( EVERY NDELAY COUNTS) .

(A PRI MARY EVALUATION I S WHEN THE COWPLETE
CONTROL VECTOR |'S CHANGED. CONTROL PERTURBATI ONS,
REQUI RED | N ORDER TO DETERM NE PARTI AL
DERI VATI VES ONLY, ARE " SECONDARY EVALUATI ONS").

A PRI MARY EVALUATI ON HAS COCCURRED FOR NDELAY
CYCLES WHEN | EVAL = 1 AND | PARTE = 0.

ONLY PRI MARY EVALUATI ONS OCCUR AFTER ALL OF THE
CONTROLS (| PARTE VALUES) HAVE BEEN EXHAUSTED.

WHEN | EVAL = 1 YOUR CONTRCLS HAVE BEEN USED

DURI NG THE LAST NDELAY CYCLES FOR THE EVALUATI ON
OF PARTI AL DERI VATIVES. | F |IPARTE = 0, THEY ARE
THE RESULT OF A COVPLETE CHANGE I N THE CONTRCL
VECTOR (I.E. A PRI MARY EVALUATI ON), AND THE

I NFLUENCE ON YOUR STATES HAS BEEN 3 VEN NDELAY
CYCLES TO PROPAGATE THROUGH YOUR MCDEL. PROVI DI NG
THAT NDELAY | S SUFFI CI ENTLY LARGE ENOUGH, YOUR
OBSERVATI ON OF THE STATES WHEN | EVAL GOES HI GH
AND | PARTE = 0 | S A GOOD MEASURE COF CONVERGENCE.

IN TH'S CASE YOU ARE EXAM NI NG THE STATES AFTER
THE COVPLETE CONTRCOL VECTOR HAS A CHANCE TO
OPERATE ON THEM ( THROUGH YOUR MODEL AND THEN
STRI KE OR SMART) .

THI S OBSERVATI ON (OF YOUR STATES)

'S NOI' OF THE STATI STI CALLY SMOOTHED STATES
CREATED AND USED WTHIN TRIM BUT IS ONLY ONE
OBSERVATI ON OF YOUR ACTUAL STATE H STORY.

I F YOU WANT TO MONI TOR THE STATI STI CALLY SMOOTHED
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| PARTE

| MANTR

| REVAL

| TPROG

| TRWP

| TBAD

| A( 45)

| A(43)

| A(44)

| A(23)

| A(103)

STATES, THEY ARE AVAI LABLE IN THE FI RST NSTATE
VALUES OF FEXT(l), WHICH IS DECLARED AS COMMON.

| EVAL GCES Hl GH AFTER NDELAY COUNTS DURI NG EACH
PARTI AL EVALUATION. TH S G VES THE CONTROL
VECTOR TI ME TO | NFLUENCE THE STATES.

| EVAL AND | TRVP WLL REMAIN H GH AFTER | TRMCM = 0
UNLESS YQU CALL TRI M AGAI N.

I NFORM5 USER WHI CH CONTROL | S BEI NG PERTURBED
(ORDER = CALLI NG SEQUENCE). WHEN | PARTE = 0

THE PRI MARY EVALUATI ON HAS BEEN PERFCRMED, AND
NDELAY COUNTS HAVE PASSED TO PROPAGATE | NFLUENCE
THROUGH YOUR MODEL. HENCE, WHEN | PARTE RESETS,
NDELAY COUNTS LATER I EVAL IS SET FOR ONE CYCLE.

EACH Tl ME | PARTE CHANGES, NDELAY CYCLES LATER
| EVAL WLL BE SET TO UNITY FOR ONE PASS.

TH S PROCESS OCCURS FOR EACH PARTI AL EVALUATI ON.

| PARTE REMAI NS CONSTANT (I PARTE = 1,2,...NCONT) FOR
NDELAY COUNTS DURI NG EACH CONSECUTI VE PARTI AL
EVALUATI ON.

WHEN ALL PARTI ALS HAVE BEEN COMPUTED, | PARTE W LL
BECOVE ZERO UNTI L | REVAL PRI MARY EVALUATI ONS ARE
MADE. PARTI ALS ARE THEN RECOVPUTED.

THI'S FLAG | S SET ONLY WHEN | TRMCM | S MANUALLY RESET.
TH S 1 S USEFUL WHEN SEQUENTI AL TRI M PROCESSES ARE
ABORTED BY THE USER (E. G, Al RCRAFT TRI M FOLLOWED
BY PONER TRI M.

'S ACQUI RED VHEN TRIM I NI TI ALLY ENTERED, AND USED
AS A COUNTER HEREIN. I T IS RESTORED WHEN TRI' M

I'S TERM NATED. | REVAL SHOULD BE ABQUT 10 FCR A
TYPI CAL ROTORCRAFT SI MULATI ON.

TRIM I N PROGRESS WHEN | TPROG=1. @WHEN THI S OCCURS
YOU SHOULD TURN OFF YOUR A/D S.

THE PREVI QUS VALUE OF | TRMCM

ITRWP IS SET IN THI'S ROUTI NE WHEN | TRMCM | S SET.
ITIS RESET IN TH S ROUTINE | F YOQU CALL TRI M AFTER
I TRMCM | S RESET. TH' S FLAG | S NOT' USED BY TRI M
BUT YOU WLL CONFUSE YOUR CALLING LOG C | F YOQU DO
NOT ElI THER (A) CALL TRIM ALL THE TIME IN |.C MODE,
OR (B) CALL TRIM WHEN EI THER | TRVP OR | TRMCM = 1,
. E.,

| F(1 TRMCM GT. 0. OR. | TRWP. GT. 0) CALL TRI M NCONT,

| A(166)

CONTRCOL LIM T I NTERFERENCE DURI NG TRI M VHEN
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| TBAD. NE. 0 NOT' NECESSARI LY CRI Tl CAL, BECAUSE

THE CONTROLS MAY CONVERGE EVENTUALLY. THE

SIGN OF TH'S QUANTITY (I F ONLY ONE LIMT H'T)

| NDI CATES WHETHER AN UPPER (+) OR LOWER

(-) LIMT HAS BEEN REACHED. | TS VALUE | NDI CATES

THE SPECI FI C CONTRCL (I N THE CALLI NG SEQUENCE ORDER) .
SEE NMSGTR, ABOVE, FOR SCREEN OUTPUT FREQUENCY.

I N COWPARI SON W TH THE SIM LAR ( SUBSET) PROGRAM CALLED BQUI ET,
THE STATE AND CONTROL VECTORS STATE(1) AND CONT(Il) HAVE BEEN

ELI M NATED. THESE WERE VECTORS CONSTRAI NED TO 6 ELEMENTS W THI N
BASI C COMVON.

O00000000000O0O0O0O0OO0

C%********************************************************************

C COMMONS
Ck********************************************************************
C

COMVON/ XFLOAT/ A(500) / | FI XED/ | A 250)

C
Ce*x**x*  MCFARLAND S SPECI AL COVMON ARRAY. DO NOT USE FOR ANY
C ADDI TI ONAL PURPOSES.
COWMON / FEXTRA/ FEXT( 20)
C
C
C
C
Ck********************************************************************
C DECLARATI ONS

C%********************************************************************

C
Cr***x  YOURS, DI MENSI ONED NCONT OR GREATER (TO 10)

C
DI MENSI ON BOTVKT( *) , TOPVKT( *)

C

Cr****  YOURS, DI MENS|I ONED NSTATE OR GREATER (TO 10)

C
DI MENSI ON DESVKT( *) , ACPVKT( *)

C

Cr**** MNE, UPPER LIMT OF 10 SHOULD BE OBVI OUS. ..

C
DI MENSI ON H( 10, 10) , DQC( 10) , DQCI ( 10), QC( 10), Z( 100) , X 10, 10)
DI MENSI ON DX( 10) , CM N( 10) , CK( 10) , QI 10) , E( 10, 10)
DI MENSI ON YZ( 10) , BB( 10), | N( 10)
DI MENSI ON S( 10) , TEMIR( 10) , QCOLD( 10)

C

C

Cr****  VESSAGE VARI ABLES.

C

C

DI MENSI ON | TBADL( 10)
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DI MENSI ON | TBADU( 10)

C
C
CHARACTER* 40 AMESG
CHARACTER* 40 AMESGL( 10)
CHARACTER* 40 AMESGU( 10)
CHARACTER*2 NUM 10)
C
C
SAVE | H TP, | PRONE, | TFLAG, KTRWP, M N, NK, CK, CM N, DQC, E, H,
1 QC, QCOLD, QD, S, TEMIR, YZ
C
C
C
C

C%********************************************************************

C EQUI VALENCES
Ck********************************************************************
C

EQUI VALENCE (A( 55), PBD)

EQUI VALENCE (A( 56), QBD)

EQUI VALENCE (A( 57), RBD)

EQUI VALENCE (A(168), DT2)

C
EQUI VALENCE (A(171), XP)
EQUI VALENCE (A(173), ZP)
EQUI VALENCE (A(187), XNO
EQUI VALENCE (A(189), ZNO
EQUI VALENCE ( A(190), XRQ)
EQUI VALENCE (A(192), ZRQO
C
EQUI VALENCE ( A(230), PHIIC)
EQUI VALENCE ( A(231), THETIC)
EQUI VALENCE ( A(233), GAWI C)
EQUI VALENCE (A(241), HI Q)
EQUI VALENCE (A(255), GAIN)
EQUI VALENCE (A(359), R2D)
EQUI VALENCE (A(413), UBD), (A(414), VBD), (A(415), WBD)
C
EQUI VALENCE (1A( 9), IHT )
EQUI VALENCE (I A( 21), IEVAL ), (IA( 23), |ITPROG)
EQUI VALENCE (I A( 43), | MANTR)
EQUI VALENCE (I A( 44), IREVAL ), (IA( 45), |PARTE )
EQUI VALENCE (I A( 46), NDELAY )
EQUI VALENCE (I A( 50), NVSGTR )
EQUI VALENCE (I A( 64), 1CG ), (1A(103), ITRW )
EQUI VALENCE (1 A(111), ITRVCM), (I1A(166), | TBAD )
C
C

EQUI VALENCE (Q(1,1),2(1))

OO0



C%********************************************************************

C DATA I NI TI ALI ZATI1 ON

C%********************************************************************

C
C kkkkkhkkhkhkhkhkkhkkkhkkhkhkhkhkhkhkkkhkkhkhkhk khkkkkkhk kik khkkkk*k*%
C * (NOCOWON IS INITIALIZED IN TRIM *
C kkkkkhkkhkhkhkhkkhkkkhkkhkhkhkhkhkhkkhkhkkhkhkhk khkkkkkhk k k khkkkk*k*%
C
C CONTROL | NCREMENT ONE HALF OF ONE PERCENT (UP TO 10 CONTS)
C
DATA DQCI / 0.005, 0.005, 0.005, 0.005, 0.005,
1 0. 005, 0.005, 0.005, 0.005, 0.005 /
C

Cr***x  (NOT USED IN GROUND TRIM | T USES ONE TENTH OF ONE PERCENT)
C
C
Cexxx*x  XIJK = 0.2 MEANS THAT CONTROLS MAY NEVER CHANGE BY MORE THAN
Crrxxx TWENTY PERCENT OF THEI R RANGE I N A PRI MARY EVALUATI ON.
C

DATA XIJK [/ 0.20 /

DATA IH TP [/ 0 /

DATA KTRWP / 0 /
C
Ce*xx*x* MAX = 10 REQUI RED BECAUSE COF NMAXI MUM DI MENSI ONS ALLOWED.
C

DATA NK / 0 /
DATA NMAX / 10 /
DATA | TFLAG / 0 /

C
Cr***x*  CONTRCOL VARI ATIONS WTHI N 0.1 PERCENT FOR ACCEPTABLE TRI M
C

DATA ACPCTL / 0.001 /

C
Ce****  NEEDED FOR MESSAGES.
C
DATANUM /' 2+, " 2*, " 3, " 4, "' 5
1 6, " 7,8, " 9, "10 /
C
Ce**** | NITI ALI ZE FOR DEC FORTRAN 6. 2
C
DATA KREVAL / 0 /
C
C
C
C
Ck********************************************************************
C EXECUTABLE CODE
Ck********************************************************************
C
Cr***x*  RESET MESSAGE COUNTER
C

| F((1 TRMCM GT. 0) . AND. (I TRVP. EQ 0) ) THEN
KMESS = NMBGTR
END | F
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C
| F(1 TRMCM . GT. 0) GO TO 430
C
| F(1 TRMP . GT. 0) THEN
| TRWP = 0
|EVAL = 0
END | F
C

Cr**** | F EIl THER MANUAL OR AUTOMATI C TRI M OCCURRED BEFORE, QUIT.
| F(KTRVP. EQ 0) RETURN
C
Cr****  MANUAL TERM NATI ON OF TRI M HERE (KTRVP STILL SET).
Cr**** EXIT AND RETURN LAST PRI MARY CONTROL VECTOR
CALL BTYPE(37,' TRIM AS REQUESTED, TRl M TERM NATED. ')
| MANTR = 1
C
Cr****  PUT QD BACK | NTO THE CONTROL VARI ABLES BECAUSE TRI M MAY BE
Cr**** |N THE M DDLE OF A CONTROL PERTURBATI ON (N = NSTATE).
IF(1H T.EQ 1) GO TO 410
GO TO (390, 380, 370, 360, 350, 340, 330, 320, 310, 300), N

300 Cl0 = QD(10)
310 C9 = QX9)
320 C8 = QX8)
330 C7 = QX7)
340 C6 = QX(6)
350 C5 = QX(5)
360 C4 = QD(4)
370 C3 = QX3)
380 2 = QX2)
390 Cl = Q1)
GO TO 420

C
410 THETIC = QD(1)
HC = QX2)
PHIIC = QX3)

C

C

Ce*x**x*  EXIT FROM BELOW | F El THER MANUAL OR AUTOVATI C TERM NATI ON.
Ce**** | F YOU WANT | EVAL AND | TRMP RESET,

Ce*x***  THEN CALL TRIM AGAI N AFTER | TRMCM=O.

Ce*x**x*  THIS IS A WAY TO TRI GGER PRI NTOUTS OF PRI MARY EVALUATI ONS.

C
420 | PARTE = 0O

NK =0

C

C****  NOTE | TPROG RESET HERE, ONE PASS BEFORE | EVAL AND | TRMP RESET.
| TPROG = 0
| TFLAG = 0
| TRMCM = 0

C

Cr***x  PROTECT (| NTERNALLY) FROM ENTERI NG HERE AGAI N ( ABOVE CHECK) .
KTRMWP =0

C
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Cr**** RESTORE USER S | REVAL WHEN LEAVI NG
| REVAL = KREVAL
RETURN
C
Cr**** FOR AUTOVATI C TRI M ACCEPTANCE ( ELSEWHERE), CONSI DER:
Cr**** | N YOUR DRI VI NG PROGRAM AFTER (I TRMCM = 1), THE CONDI TI ON
Cr**** (I TRMCM EQ 0) | DENTI FI ES THE PASS WHEN TRI M
Cr**** | S COVPUTED TO BE SATI SFACTORY IN TRIM  YOU GET THE MESSAGE
Cr****  "TRIM COWVPLETED' DURING THI'S PASS, AND THE VALUES FOR
Cr**** | TRMCM AND | TPROG ARE SET TO ZERO. ON THE NEXT PASS,
Cr****  |F YOU CALL TRIM AGAIN, | TRVP AND | EVAL W LL ALSO BE RESET.
C
Cr****  SUBSEQUENT PASSES, |F | TRMCM REMAI NS | N THE RESET CONDI TI ON,
Cr**** \WLL PRODUCE AN | MVEDI ATE RETURN FROM TRI M
C
C+**** |S THI'S YOUR FIRST VI SI T?
430 | F(KTRVP. EQ 0) GO TO 440

C
Cr**** NO, BEEN IN TRI M ( CONTI GUOUSLY) BEFORE:

NK = NK + 1

|EVAL = 0

| F(1 PARTE. EQ 0. AND. NK. EQ (NDELAY-1)) IEVAL = 1
C

Ce*x*x*x*  OBSERVE QUTPUTS FROM THIS ROUTI NE WHEN | EVAL = 1. TH S WLL
Ce***x* OCCUR FOR ONCE EACH PARTI AL EVALUATION. | F I PARTE I S ALSO ZERG,
Ce*x***  TH S 1S A PRI MARY EVALUATI ON PO NT.

Cr*x***  AFTER THE PARTI ALS HAVE BEEN ACQUI RED, | PARTE STAYS ZERO UNTI L
C-***x | REVAL | NCREMENTS TO I TS ORI G NAL VALUE (WHEN TRI M ENTERED) .

Ce****  EVALUATI ON OF STATES:

C****  THE SI NGLE EVALUATI ON OF EACH FI LTERED STATE IS MADE AT THE
C*x***  END PO NT WHEN NK. EQ. NDELAY

Cr*xx*  RESET ACCUMJLATORS WHEN NK = 1

Cr****  SUMVATI ONS
IF(1H T. EQ 1) THEN

C
Cr**** NOTE, DESIRED VALUES IN THI S | NSTANCE ARE ZERO. (NO BI ASES)

TEMIR(1) = PBD

TEMIR(2) = QBD

TEMIR(3) = WBD

TEMIR(4) = VBD

ELSE

C

Ce*x*x* HONEVER, WHEN CALLI NG SEQUENCE USED, BI ASES TAKEN OUT HERE.
CALL PICK(M S1, S2, S3, 4, S5, S6, S7, S8, S9, S10, TEMIR, DESVKT)

C
Cr**** DESIRED TEMIR(1) (AND HENCE S(1)) ARE ALWAYS ZERO
END | F
C
CALL FILTI T(M I TFLAG, DESVKT, TEMIR, S)
C

| F(NK. LT. NDELAY) RETURN
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C
Ce*xx*x* WE HAVE OUR NEW ACCUMULATED STATES WHEN NK = NDELAY.
C
NK =0
C
Cexx*x* WE M GHT, FOR INSTANCE, HI T THE GROUND DURI NG Al RBORNE TRI M
Ce****  OR EVEN LI FT OFF DURI NG GROUND TRI M ..
IF(IHT .EQ IHTP) GO TO 500
C
Ce*x*** |N WH CH CASE WVE WLL FALL THROUGH TO HERE. ..
CALL BTYPE(31,' TRIM GROUND-AIR TRANSITION. ')
C
Ce*x*x* BEG N ONE- SHOT | NI TI ALI ZATI QN * % * # %k sokwdokkodoxsok*x
C
Ce*x***  THIS IS A NEWTRI M ATTEMPT.
Ce*x**x* LET"S INITIALI ZE TH S SUCKER. . .

440 NK = 0
| MANTR = 0
| TFLAG = 0

C

C****  ONE PCSSI BLE PRI NTOQUT THAT STATES O K., WAl TI NG FOR CONTRQLS. . .

| PRONE = 1

C

C**** | N CASE YOU FORGOT GAIN. . .
| F(GAIN. LT.0.01) GAIN = 0.5
IF(GAIN.GT.1.0) GAIN = 0.5

C
| F(NDELAY. LT. 1) THEN
NDELAY = 1
CALL BTYPE(37,' TRIM  NDELAY TOO SMALL. SETTING = 1')
END | F
C
| F( NDELAY. GT. 200) THEN
CALL BTYPE(31,' TRIM  NDELAY. GT. 200 TOO LARGE. ')
CALL BTYPE(27,' TRIM  SETTI NG NDELAY = 40.')
NDELAY = 40
END | F
C
Cr**** | NFORM USER THAT TRIMM NG |'S | N PROGRESS
| TPROG = 1
| TRWP = 1
Cr****  AND WE MAKE DECI SI ONS BASED UPON THESE VALUES
KTRWP = 1
|EVAL = 0
C
Cr**** DETERM NE REQUESTED PARTI AL EVALUATI ON SKI P FACTOR (ORI Gl NAL
| REVAL)

KREVAL = | REVAL
| F(KREVAL. LE. 0) KREVAL = 20
Ce*x**x*  SETUP FOR | MVEDI ATE EVALUATI ONS
| REVAL = KREVAL
C
Cr****  GROUND TRIM IS DETERM NED BY | HI T=1 (I NPUT).
Ce*x**x* M N MUMS AND MAXI MUMS ARE COMPUTED FROM GEQVETRY I N THI S
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Ce*x**x*  CASE AND CONTROLS ARE FORCED TO BE THETIC, H C AND PHI I C.
Cr****  CONTRCOL LIST IGNORED I N THI S CASE.

C
I F(1 H T. EQ 0) GO TO 470
CALL BTYPE(31,' TRIM GROUND TRIM I NI TIATED. ')
GAWI C = 0.
PHIC = 0.
IHTP = 1
C

Ce*xx*x*  WE DO NOT' CHANGE YOUR CALLI NG SEQUENCE!
Ce*x***  THE THREE CONTROLS ARE THETIC, H C AND PHI | C

N =3
Cr**** THE FOUR STATES ARE PBD, QBD, WBD AND VBD
M= 4

Ce**** YOU MAY NOTE THAT SOVE QUANTI TI ES COMPUTED HERE ARE NOT I N
Ce*xx*x* COMMON. IN FACT, THIS I S ONE REASON WHY THE STRI KE SYSTEM | S
Ce*x**x*  SUPERI OR TO THE SMART SYSTEM  SUBROUTI NE TRI M CANNOT
Ce*xx*x* TAKE RESPONSI BI LI TY FOR CHANG NG ALL OF THE MANY VARI ABLES
Cr*xxx  THAT CHANGE WHEN ONE OF THESE CONTROLS ARE CHANGED (I . E.,
Ce****  THETI C SHOULD CHANGE ELEMENTS OF LOCAL- TO- BODY TRANSFER
C-***x  FUNCTION MATRIX). | F THE CALL TO STRIKE HEREIN (AT END) IS
Ce**x*  PUT BACK I NTO THE CODE, THEN WHENEVER ONE OF THESE

Ce*x**x* BASI C QUANTI TIES I'S CHANGED BY TRIM I TS | NFLUENCE

Ce*x** WOULD THEN CORRECTLY PROPAGATE THROUGHOUT THE MODEL.

Cr****  HONEVER,

Ce**** | T 1S NOTI' A GOOD | DEA TO CHANGE JUST SOVE OF THESE VALUES. . .
Ce**** FOR THE ABOVE REASONS DO NOT' PUT THETR, STHT, CTHT, ETC
Ce**** | N COMWON STATEMENTS I N TH S SUBROUTI NE!

Cr****  ANYBODY W SHI NG TO CONVERT A SI MULATI ON TO THE STRI KE SYSTEM
Ce*x**x* | WLL G VE THEM 10 M NUTES OF My TIME. THAT'S ALL THE TI ME
Ce*x*** | T SHOULD TAKE. R E M

| F(R2D. LT. 57.0) THEN
CALL BTYPE(34,' TRIM YOU DID NOT | NI TI ALI ZE R2D. ")
CALL BTYPE(39," SERVI CE PROVI DED FOR YOU, DUMMWY.')
R2D = 57. 2957795

END | F

ZX = SQRT((ZNG ZRG) ** 2+( XNG- XRG) **2)
THETRX = ATAN2( (ZNG ZRG), ZX)

THETI C = R2D* THETRX

STHTTR = SI N( THETRX)

CTHTTR = COS( THETRX)

C
Cr**** \\HEEL GEOVETRY.
Cr****  USING LOG C FROM STRI KE, DETERM NE |.C. TYPE...
C
| F(1CG EQ 1) GO TO 450

C
Cr**** | C.'S ARE W TH RESPECT TO PI LOT LOCATI ON.

H CMAX = (ZRG ZP) * CTHTTR+( XP- XRG) * STHTTR

CM N(2) = H CMVAX- 0. 5* ZNG
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GO TO 460
C
Cr**** | .C.'S ARE W TH RESPECT TO C. G
450 HI CMAX = ZRG' CTHTTR- XRG STHTTR
CM N(2) = H CVAX- 0. 5* ZRG

460 PH MAX = 3.0
CMN(3) =- 3.0
CK(3) = PHIMAX - CM N(3)
CK(2) = H CVAX- CM N( 2)
H C = H CMAX- 0. 1* ZRG
THTMAX = ATAN2( ZNG, SQRT( ZNG** 2+( XNG- XRG) **2) ) * R2D
CM N(1) = ATAN2(- ZRG, ZX) * R2D
CK(1) = THTMAX-CM N(1)
C
Cr****  NORMALI ZED PARTI AL EVALUATI ON | NCREMENTS WHEN ON GROUND (-. 1
PCENT)
Cr**** (1 NTO GROUND, NOT ABOVE!)
DQC(1) = -.001
DQC(2) = -.001
DQC(3) = -.001

QC(1)
Q( 2)
Q( 3)
QCOLI( 1)
QCOLI( 2)
QCOLIX( 3)
TEMIR( 1)
TEMIR( 2)
TEMIR( 3)
TEMIR(4) = VBD
CALL FILTI T(M I TFLAG, DESVKT, TEMIR, S)
Cr**** BEG N ESTABLI SHVENT OF BASI S

(THETI G- CM N( 1)) / CK( 1)
(H C-CM N(2) )/ CK(2)
(PHI 1 G- CM N(3) )/ CK( 3)

g

| PARTE = 0O
RETURN
C
C-*xxx Al RBORNE TRI' M (CALLI NG SEQUENCE USED)
C
470 N = NCONT
M = NSTATE
IHTP =0
C

Cr****  SERI OUS ERRORS.
| F(N.LT. 1) THEN
CALL BTYPE(24,' TRIM TOO FEW CONTROLS. ')

| TRMCM = 0
CALL STOPCYC
END | F

| F(M LT. 1) THEN
CALL BTYPE(22,' TRIM TOO FEW STATES. ')
| TRMCM = 0
CALL STOPCYC



END | F

| F(N. GT. 10) THEN
CALL BTYPE(25,' TRIM TOO MANY CONTROLS.')
| TRMCM = 0
CALL STOPCYC

END | F

| F(M GT. 10) THEN
CALL BTYPE(23,' TRIM TOO MANY STATES.')
| TRMCM = 0
CALL STOPCYC
END | F
C
Cr**** NO ERRORS - PRINT TRI M STARTED MESSAGES
CALL BTYPE(22,' TR'IM TRIM I N TIATED ')
C 1234567 89 0123456789 01 234567890
AVESG = 'TRIM '//NUMN)//' CONTROLS,'//NUMM//' STATES.
CALL BTYPE( 30, AVESG)

C
C
Cr****  PARTI AL EVALUATI ON | NCREMENTS WHEN Al RBORNE (0.5 PERCENT)
DO 480 1=1,N
DC(1) = D (1)
C---- ESTABLI SH CONTROL NORMALI ZATI ON
C---- PARAVETERS CK(1) AND CM N(1) (RANGES AND M M NUVB)
CK(1) = TOPVKT(l) - BOTVKT(I)
CM N(1) = BOTVKT(I)
480 CONTI NUE
C
CALL PI CK(N, C1, C2, C3, C4, C5, C8, C7, C8, C9, C10, QC, CM N)
C
Cr****  NORMALI ZE
DO 490 1=1,N
C
C---- FI RST, PREPARE FOR PREMATURE ABORT
Q(1) = (1) + CMNI)

Q1) = QC(1)/CK(I)
490 QooLD(1) = Q1)

C
CALL PICK(M 81, S2, S3, $4, S5, S6, S7, S8, S9, S10, TEMIR, DESVKT)
CALL FILTIT(M I TFLAG DESVKT, TEMIR, S)
C
Ce****  BEG N ESTABLI SHVENT OF BASI S
| PARTE = 0
RETURN
C

Ck**** END O\IE_ SI_D'I' I NI TI ALI ZATI O\l kkkkkhkhkhkhkhkkkkkkhkikikikhkkkkkk*
C
C
Ce*x*x*  WE CGET HERE WHEN WE HAVE OUR STATI STI CALLY ACCUMULATED STATES
500 CONTI NUE
C
| F(1 PARTE. NE. 0) GO TO 580



C

Ce*x*** AT TH S PRI MARY PO NT, BECAUSE MANUAL TERM NATI ON OF ROUTINE IS

Cr****  POSSI BLE, WE ACQUI RE THE CONTROL VECTOR | N SPECI AL CELLS...
C
DO 510 |

510 Q1)
C
Cr**** \\E ARE AT THE END OF THE CONTROL PRI MARY EVALUATI ON SEQUENCE
Cr**** BECAUSE NK = NDELAY AND | PARTE = 0.
Cr**** \\E HAVE OBSERVED THE RESULTANT STATES NDELAY TI MES.
C
Cr****  PUT THE M STATES | NTO THE YZ(1) VECTOR WHEN | PARTE = 0
Cr**** YZ(1) TO BE USED AS BASE VALUES FOR FOLLOW NG PARTI AL
EVALUATI ONS.
Cr**** DESIRED YZ(1) = 0.0 BECAUSE BI ASES HAVE BEEN TAKEN OUT.
C

1,N
CK(1)*QC(1) + CM N(I)

DO 520 1=1, M
520  Yz(1) = S(I)

C

C%**** EBlB

C

C%**** ACCEPTA,\K:E * Kk k k%
C

Cr**** | TRMCM RESETS AUTOVATI CALLY | F ACCEPTANCE CRI TERI A MET.
Cr**** | N THI'S CASE TERM NATI ON OF TRIM | S AUTOMATI C.
C

I F(1 H T. EQ 0) GO TO 530

C

C---- GROUND TRI M ACCEPTANCE BASED UPON PBD, QBD, \W\BD AND VBD
| F(ABS(S(1)). GT.0.001) GO TO 570
| F(ABS(S(2)). GT.0.001) GO TO 570
| F(ABS(S(3)).GT.0.01) GO TO 570
| F(ABS(S(4)).GT.0.01) GO TO 570

C---- DO NOT DO VARI ATl ON CHECKS
GO TO 560

C

530 CONTI NUE
C

Cr**** Al RBORNE TRI M ACCEPTANCE BASED UPON NORMAL STATE VECTOR (S)
DO 540 1=1, M
540 | F(ABS(S(1)).GT. ACPVKT(1)) GO TO 570

C
Cr****  NEW VARI ATI ON CHECKS ( CONTROLS)
DO 550 1=1, N
| F(ABS(QC(1) - QCOLD(1)) . LT. ACPCTL) GO TO 550
| F(1 PRONE. EQ 1) THEN
CALL BTYPE(22,' TRIM  STATES TRI MVED, ')
CALL BTYPE(39,' TRIM  WAI TI NG FOR CONTROL QUI ESCENCE. ')
| PRONE = 0
END | F
GO TO 570
550 CONTI NUE
C

Cr**x**  AUTOVATI C ACCEPTANCE
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560 CONTI NUE

C
C---- YOU ARE THROUGH (HERE) WHEN ACCEPTANCE OCCURS AUTOMATI CALLY.
C
|EVAL = 1
IF(1H T. EQ 1) THEN
CALL BTYPE(29,' TRIM GROUND TRI M COVPLETED. ')
ELSE
CALL BTYPE(23,' TR'IM TR M COVPLETED. ')
END | F
GO TO 420
C
570 CONTI NUE
C
Cr****  TRIM IS NOT COMPLETED HERE.
C

C*x**x*  THE TOTAL CONTROL VECTOR S I NFLUENCE ON THE STATE VECTOR
C***x*  HAS NOW BEEN OBSERVED FOR NDELAY CYCLES.

Cr****  START PERTURBI NG PARTI ALS AGAI N:

C

Ce***x*  SPECI AL - SPECI AL - SPECI AL - SPECI AL

Cr***xx | REVAL GETS RESET WHEN THE PARTI ALS ARE EVALUATED ( THEN
| NCREMENTED)

Cr*x**x* SO, NO MORE PARTI ALS UNTI L | NCREMENTED | REVAL REACHES KREVAL.

| F(1 REVAL. LT. KREVAL) GO TO 610
C
Cr****  BUT, |F YOU MANUALLY SET I T EQUAL TO OR GREATER THAN KREVAL,
Cr****  THI'S IS THE PO NT WHERE WE BEG N PARTI AL EVALUATI ONS AGAI N.
| PARTE = 1
GO TO 600
C
Cr****  FORM M PARTI ALS FOR TH' S | PARTE. GT. 0 (| PARTE GOES TO N)
C
580 DO 590 =1, M
590 H(1, 1 PARTE) = (S(1) - YZ(1))/DQC(| PARTE)
C
Cr****  AND TAKE OUT THE NORMALI ZED CONTROL | NCREMENT AT THI'S POl NT.
C
QC(| PARTE) = QC(| PARTE) - DQC(| PARTE)
C
Cr****  GET NEWDX(1) VECTOR (PRI MARY EVALUATION) ONLY | F | PARTE = N
C
| F(1 PARTE. EQ N) GO TO 610
C
Cr**** | NCREMENT | PARTE. THI'S IS A SECONDARY EVALUATI ON.
| PARTE = | PARTE + 1
C
Cr****  PUT AN | NCREMENT | N TH S CONTROL
600 QC(1 PARTE) = QC(1 PARTE) + DQC(| PARTE)
GO TO 990
C
610 CONTI NUE
C
Cr**** PRI MARY CONTROL EVALUATI ON AREA.
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Ce****  YOU WLL BE | NFORVED NDELAY CYCLES LATER WHEN
Ce**** | EVAL WLL BE SET TO UNITY FOR ONE PASS.

Ce*x***  TH S DELAY USED TO LET THE NEWY COVPUTED CONTRCL
Cr****  VECTOR PROPAGATE THROUGH YOUR MODEL.

C

Ce****  RESET | PARTE FROM N.
| PARTE = 0

C

Cr****  PARTI ALS EVALUATED ONLY WHEN | REVAL. GE. KREVAL
| F(1 REVAL. LT. KREVAL) GO TO 920
| REVAL = 0
C
Cr**** DETERM NE REGRESSI ON TECHNI QUE.
IF(MLT.N) GO TO 630
C
Cr****  OVERDETERM NED AREA. (M STATES). GE. (N CONTROLS)
Cr**** (MORE STATES THAN CONTROLS (USUAL, E.G BQUIET))

NN = N
DO 620 L=1, N
DO 620 J=1, N
C-***x  F|LL OUT BECAUSE OF Z DI MENSI ON ( MAY HAVE ZEROS)

Il = L + MAX*(J-1)
Z(11) = 0.0
DO 620 1=1, M
620 Z(11) = Z(11) + HI,L)*H1,J)
Cr**** DATA IN Z WLL BE Z(N CONTROLS TI MES N CONTROLS)
Cr**** (REQUI RED | NVERSI ON | S ALWAYS THE SMALLER OF NSTATE**2 OR
NCONT* * 2)
GO TO 650
C
Cr****  UNDERDETERM NED AREA. M LT. N
Cr****  (LESS STATES THAN CONTROLS)
630 NN = M
DO 640

I =
Z(11) = 0.0
DO 640 1=1, N
640 Z(11) = Z(11) + HL, 1)*HJ, 1)
Cr**** DATA IN Z WLL BE Z(M STATES TI MES M STATES)
Cr**** (REQUI RED | NVERSI ON | S ALWAYS THE SMALLER OF NSTATE**2 OR
NCONT* * 2)
C
650 CONTI NUE
C
Cr**** FOR BOTH OVERDETERM NED AND UNDERDETERM NED CASES. . .
Cr****  THE | NVERSI ON PROCESS (NN. NN EQUALS 49 OR 36 OR 16)
C
C COVPUTE ORDERED AUXI LLI ARY MATRI X
NL = NN - 1
| F(N1. EQ 0) GO TO 730
DO 720 |=1, NL
C ORDER ROWS FOR MAXI MUM Z(1, 1)
IN(1) =0
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660

670
C
680

690
700
C

710

720
C
Ck****

730

740
C

C
C%****

DET = 0.0
DO 660 J=I, NN
11 = (1-1)*MAX + J
| F(DET. GE. ABS(Z(11))) GO TO 660
IN(I) = J
DET = ABS(Z(11))
CONTI NUE
| F(DET. LE. 0. 0) GO TO 860
IF(IN(1).EQ 1) GO TO 680
J = IN) - |
DO 670 K=1, NN
11 = (K-1)*MAX + |
12 =11+ J
DET = Zz(11)
Z(11) = z(12)
Z(12) = DET
CONTI NUE
COVPUTE | TH ROW
11 = (1-1)*MAX + |
DO 700 J=I, NL

12 = J*MAX + |
I F(1.EQ 0) GO TO 700
DO 690 K=2, |

13 = (K-2)*MAX + |
14 = J*MAX + K - 1
Z(12) = 2z(12) - Z(13)*Z(14)
CONTI NUE
Z(12) = z(12)/2(11)
COVPUTE (1 +1) ST COLUWN
DO 710 J=I, NL
11 = I*MAX + J + 1
DO 710 K=1, |
12 = (K-1)*MAX + J + 1
13 = I*MAX + K
Z(11) = 2z(11) - Z(12)*Z(13)
CONTI NUE
CONTI NUE

COVPUTE DETERM NANT OF ORDERED MATRI X
DET = 1.0
DO 740 1=1, NN
11 = (1-1)*MAX + |
DET = DET*Z(I 1)
CONTI NUE

| F(DET. EQ 0. 0) GO TO 860

COVPUTE GAUSS TRI ANGULAR SOLUTI ON
DO 770 1=1, NN
11 = (1-1)*MAX + |
Z(11) = 1.0/2Z(11)
IF(1.LE. 1) GO TO 770
DO 750 J=2, |
BB(J) = 0.0
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DO 750 K=J, |
11 = (K-2)*MAX + |
12 = (J-2)*MAX + K - 1
BB(J) = BB(J) - Z(11)*Z(l12)
750  CONTI NUE
DO 760 J=2, |
11 = (1-1)*MAX + |
12 = (J-2)*MAX + |
Z(12) = z(11)*BB(J)
760  CONTI NUE
770 CONTI NUE
C
Cr****  COMPUTE | NVERSE
| F(N1. EQ 0) GO TO 860
DO 830 |=1, NL
J=NN- |
11 =1
DO 820 K=1, NN
12 = (K-1)*MAX + J
GO TO (780, 790), 11

780 BB(K) = Z(I2)
| F(J-K) 810, 800, 810
790 BB(K) = 0.0
800 11 =2
810 CONTI NUE

DO 820 L=J, NL
13 = L*MAX + J
14 = (K-1)*MAX + L + 1
BB(K) = BB(K) - Z(13)*Z(l4)
820  CONTI NUE
DO 830 K=1, NN
12 = (K-1)*MAX + J
Z(12) = BB(K)
830 CONTI NUE
C
Cr**** REORDER | NVERSE
DO 850 |=1, NL

J=NN- |

K = 1N(J)

| F(K. EQ J) GO TO 850
DET = - DET

DO 840 L=1, NN
11 = (J-1)*MAX + L
12 = (K-1)*MAX + L

BB(1) = Z(I1)
Z(11) = z(12)
Z(12) = BB(1)
840  CONTI NUE
850 CONTI NUE
860 CONTI NUE
C
IF(MLT.N) GO TO 890
C

Cr****  ANOTHER OVERDETERM NED AREA M CGE. N



DO 880 =1, N
DO 880 J=1, M
SUM = 0.0
DO 870 L=1, N

870 SUM = SUM - Q(I,L)*H(J, L)
E(1,J) = SUM

880 CONTI NUE
C
GO TO 920
C
890 CONTI NUE
C
Ce****  ANOTHER UNDERDETERM NED AREA M LT. N
C
DO 910 =1, N
DO 910 J=1, M
SUM = 0.0

DO 900 L=1, M
900 SUM = SUM - H(L, 1)*QL, J)
E(1,J) = SUM
910 CONTI NUE
C
920 CONTI NUE
C
Cr**** | REVAL | NCREMENTED HERE, AT PRI MARY EVALUATI ON PO NT.
Cr**** (THE TRANSI TI ON OF CONTROLS OCCURS AT A PRI MARY EVALUATI ON
PO NT) .
| REVAL = | REVAL + 1

C
DO 930 1=1,N
DX(1) = 0.0
DO 930 J=1, M
930 DX(1) = DX(1) + E(1,3)*YZ(J)
C
Cr**** SEE THE TM | F YOU DO NOT UNDERSTAND THE ABOVE OPERATI ONS.
C
C

Cr**** X JK (20) PERCENT MAXI MUM EXCURSI ON, AND GAI N
C
DO 950 =1, N
C---- SAVI NG OLD VALUES OF CONTROLS FOR NEW VARI ATI ON CHECK
QoLd(l) = (1)
XX = DX(1)*GAI N
| F(XX. LE. XI JK) GO TO 940
XX = Xl JK
GO TO 950
940 | F(XX. GT. (-XIJK)) GO TO 950
XX = - XIJK
950 Q1) = Q1) + XX

C
| TBAD = 0
C
Ce**** | TBAD. NE. O | NFORMS THE USER THAT HE HAS HHT A CONTROL LIM T
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C%****
C%****
C%****
C

C

960

980

983

985

990

DURI NG A PRI MARY EVALUATI ON.

IN TH'S CASE SUBROUTI NE TRI M BACKS THE CONTROL OFF BY 5 PERCENT

OF THE RANGE (DEFINED AS MAX - M N).
DO 980 =1, N

XY = Q(1)

| F(XY. GT. 0.0) GO TO 960
Q(1) = 0.05

| TBAD = - |

GO TO 970

| F(XY.LT.1.0) GO TO 980
Q(l) = 0.95

| TBAD = |

CONTI NUE

THE VALUE OF | TBAD SHOAS WHI CH CONTRCL, THE SI GN SHOAS THE

| F(1 TBAD. GT. 0) THEN
| TBADY( | ) =1

ELSE
| TBADL( 1) =1

END | F

CONTI NUE
KMESS=KMESS + 1

| F(KMESS . LT. NMSGTR) GO TO 985
DO 983 K=1, N

| F(1 TBADU(K) .NE. 0) THEN

| TBADY( K) =0

AVESGU(K)= ' TRIM  CONTROL ' //NUMK)/ /"
CALL BTYPE( 40, AVESGU(K))

ENDI F

| F(1 TBADL(K) .NE. 0) THEN

| TBADL( K) =0

AVESGL(K)= 'TRIM  CONTROL '//NUMK)//"
CALL BTYPE( 40, AVESGL(K))

ENDI F

CONTI NUE
KMESS=0
CONTI NUE

I F(1 HI T. EQ 0) GO TO 1000

HAS H'T UPPER LIMT.

HAS HT LOER LIMT.
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Cr**** SPECIAL CONTROL VECTOR IF IHIT = 1
THETIC = QC(1)*CK(1) + CM N(1)

HC = Q2)*CK(2) + CM N(2)
PHIIC = QO(3)*CK(3) + CM N(3)
GO TO 1110

C

1000 CONTI NUE

C

Cr***x  CHANGE THE USERS CONTROL VECTOR (CALLI NG SEQUENCE VARI ABLES)
C
G0 TO (1100, 1090, 1080, 1070, 1060, 1050, 1040, 1030, 1020, 1010), N

C
1010 Cl10 = QC(10)*CK(10) + CM N(10)
1020 C9 = QC(9)*CK(9) + CMN(9)
1030 C8 = QC(8)*CK(8) + CMN(8)
1040 C7 = QU7)*CK(7) + CMN(7)
1050 C6 = QC(6)*CK(6) + CM N(6)
1060 C5 = QC(5)*CK(5) + CM N(5)
1070 C4 = QC(4)*CK(4) + CMN(4)
1080 C3 = QC(3)*CK(3) + CMN(3)
1090 C2 = QC(2)*CK(2) + CMN(2)
1100 C1 = QC(1)*CK(1) + CMN(1)

C
1110 CONTI NUE

C

C

Ce***x*  CALL TAKEN QUT, SUFFER THY CYCLE DELAY, THOU NON- STRI KE USERS!
C-***xx  (SEE ABOVE LENGTHY MESSAGE).

C CALL STRI KE
C
RETURN
END
C
C
C
C
C
C234567890123456789012345678901234567890123456789012345678901234567890
C 1 2 3 4 5 6 7
C
C

SUBROUTI NE PI CK( NV, V1, V2, V3, V4, V5, V6, V7, V8, V9, V10, VEK, DD)

LR R R R R I R R R R I I R O I O I O

SUBROUTI NE ABSTRACT & HI ERARCHY

LR R R R R R I R R R I I R I I I R I O I I I O

ONE WAY TO MAKE A VECTOR (M NUS BI ASES) FROM SCALARS.

QO0000QOQOOO

LR R R R R R R R R R R I R I I O
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C CREATI ON & MODI FI CATI ON LOG

C%********************************************************************

DATE INIT DOCH# DESCRI PTI ON

07/20/89 REM CREATED

O0O00000

C%********************************************************************

DECLARATI ONS

C%********************************************************************

@

@

DI MENSI ON VEK( 10) , DI 10)

LR R R R R I R R I O I I R I I I R I O I I I S

EXECUTABLE CODE

LR R R R R I R R I O I I R I I I R I O I I I S

0QO0OQOO0OO0

G0 TO(1,2,3,4,5,6,7,8,9,10), NV

10 VEK(10) = V10 - DD(10)
9 VEK(9) = V9 - DD9)
8 VEK(8) = V8 - DD(8)
7 VEK(7) =\V7 - D7)
6 VEK(6) = V6 - DD(6)
5 VEK(5) = V5 - DD(5)
4 VEK(4) = V4 - DD(4)
3 VEK(3) = V3 - DD(3)
2 VEK(2) =\V2 - DD2)
1 VEK(1) = V1 - DD(1)

C

C

RETURN
END

C

C

C

C

C

C234567890123456789012345678901234567890123456789012345678901234567890

C 1 2 3 4 5 6 7

C

C

SUBROUTI NE FI LTI T(K, | TFLAG, DESVKT, V, F)

OO0

C%********************************************************************

C SUBROUTI NE ABSTRACT & HI ERARCHY

C%********************************************************************

C
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C I NPUT V VECTOR, OQUTPUT F VECTOR, FILTERED VALUES.

C

C

C
C%********************************************************************

C COMMONS
Ck********************************************************************
C

COMVON/ XFLOAT/ A(500) / | FI XED/ | A 250)

COWVON / FEXTRA/ FEXT( 20)

LR R R R R I R R I O I I R I I I R I O I I I S

DECLARATI ONS

LR R R R R I R R I O I I R I I I R I O I I I S

0QOQO0OO

DI MENSI ON VP(10), V(*), F(*), DESVKT(*)

@

SAVE NDP, VP, EAT, EV1, EV2

LR R R R R I R R I O I I R I I I R I O I I I S

EQUI VALENCES

LR R R R R I R R I O I I R I I I R I O I I I S

0QOQO0OO

EQUI VALENCE (I A( 46), NDELAY)

LR R R R R I R R I I O R I R R I I R I O I I O O

DATA I NI TI ALI ZATI1 ON

LR R R R I R R I I O R I I I R I O I I I S

0Q0OQOOO

DATA NDP/ - 1/

O000

C%********************************************************************

C EXECUTABLE CODE
Ck********************************************************************
C
| F(1 TFLAG EQ 0) GO TO 20
| F(NDELAY. EQ NDP) GO TO 40
20 NDP = NDELAY

C

Ce****  TO TELL FILTIT THAT YOU VE BEEN HERE BEFORE THI S TRI M ATTEMPT.
| TFLAG = 1

C

Cr**xx  T| ME CONSTANT TAU = NDELAY* DT/ 4
DO 30 1=1,K

F(I) = V(1)



30 VP(1) = V(1)

C**** TRl ANGULAR- ORDER HOLD. DO NOT' CHANGE ORDER OF SENSI TI VE EONS.
AT = 4.0/ NDELAY

EAT = EXP(- AT)

EVX = (1.0 - EAT)/AT
EVL = 1.0 - EVX

EV2 = EVX - EAT

C
Cr****  F|LTER THE OUTPUT
40 DO 50 I=1,K
F(1) = EAT*F(1) + EVI*V(1) + EV2*VP(l)
FEXT(1) = F(l) + DESVKT(I)

VP(1) = V(1)
50 CONTI NUE
C
C
RETURN
END
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